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COMPREHENSIVE MDIOLOGICAI SURVEY

OFF-SITE PROPERfi T

NIAGARA FAILS STOMGE SITE
LEI,ilISTON, NElr YORK

INTRODUCTION

inn ing  in  1944,  the  Manhat tan  Eng ineer  D is t r i c t  and i t s  successor '

i c  Energy  commiss iou  (AEC) ,  used por t ions  o f  the  Lake on tar ro

Works ,  (aow known as  the  N iagara  Fa l l s  SEorage S i te  (NFSS)  and

ed o f f -s i te  p roper t ies ) ,  approx imate ly  3  km nor theas t  o f  Lewis ton '

,  fo r  s to rage o f  rad ioac t ive  \ tas tes .  These \ ras tes  were  pr i rnar i l y

f rom uran ium process ing  oPera t ions ;  however '  Ehey  a lso  inc luded:

ed  rubb le  and scrap  f rom decom- iss ion ing  ac t iv i t ies ,  b io log ica l

and ce l laneous wastes  f rom the  un ivers i ty  o f  Rochester ,  and low- leve1

oduct waste from contaninated-l iquid evaPorators at the Knol ls

power  Labora tory  (Xnp l ) .  Rece ip t  o f  rad ioac t ive  \ tas te  was

lnued in Lg54, and fol lowing cleauup act iv i t ies by Eooker chenical

Co. ,  5 5 hec tares  o f  the  or ig ina l  612-hec tare  s i te  were  dec la red  surp lus '

This perty rras evenrual ly sold by the General  senrices Administrat ion to

pr ivate, commercial ,  and governmental  agencies'1

EhC AI

0rdnanc

a s s o c i

New Yor

res  idue

contami

f i s s i o

Atomic

discon

var iou

ident i

that t

aPProx

9 . 9  h e

on th

Road

ProPe

and C

the

Chemical  Serv ices,  Inc-  (scA)  is

i ed  as  o f f -s i te  ProPer ty  T  (see F igure

ac t ,  couducted  in  l tay -August  1983,  i s

the curretrt oltner of a tract

f ) .  A  r a d i o l o g i c a l  s u r v e Y  o f

the  sub jec t  o f  th is  rePor t '

SITE DESCRIPTION

e 2  is  a  p lo t  p lan  o f  o f f -s i te  ProPer ty  T '  The ProPer ty  Is

tely 420 m long and 235 n wide and occupies a total  area of

ta res .  The s i te  i s  bounded on  a l l  four  s ides  by  roads '  r r l r r  sEreeE

nor th ,  "M"  S t ree t  on  the  south ,  Wesson Road on  the  eas t '  and Lu t ts

Ehe west .  A  f  ence borders  r r l r r  S t ree t  a long the  w id th  o f  the

y  and fo r  much o f  the  length  a long Lu t ts  Road '  Por t ions  o f  the  West

t ra l  Dra inage D i tches  pass  th rough the  ProPer ty '  
tL "  S t ree t  c rosses

per ty  in  an  eas t /wes t  d i rec t ion .  Out -o f -senr ice  ra i l road t racks  are

on t ,he  western  Por t ion  o f  the  s i te 'l o c a t



Two

mat  e r  ra r

POOr  co

ProPer ty

rocket  f

ind ica t i

ProPer tY

Th

Tempora

aloug t

e f f o r t s

a t  l o c a

of  the

level s

s t ruc tu res  on  P roPer tY  T

s to rage .  The re  a re  a l so

i t ion and are unoccuPied '

used bY SCA fo r  misce l laneous

smal le r  bu i ld ings  wh ich  are  in

o f  the  Present  bu i ld ings  on  the

by the DePartment of EnergY's

procedures from t 'hat Plan are

a r e

three

A l t

a n d t h r e e w a t e r r e s e n r o i r S w e r e c o n s t r u c t e d f o r E h e M a t h i e s o n

e l o p e r a t i o n s . T h e r e a r e s c a t t e r e d f o u n d a t i o n s a n d c o n c r e t e p a d s

g Ehat  add i t iona l  s t ruc tu res  l te re  Present  on  Eh is  s i te '

T  i s  par t ia l l y  overgrown w i th  b rush '  weeds '  and Erees '

e is no evidence that contaminated rtaste was buried on property T'

s t o r a g e o f c o n t a m i n a t e d m a t e r i a l m a y h a v e o c c u r r e d - p a r t i c u l a r l y

e rai l road tracks and roads. l  Fol lowing the I972 deconta'minat ion

l e v a t e d g a t r m a l e v e l s r e m a i n e d a l o n g t h e t r a c k s a n d W e s s o n R o a d a n d

ions  in  the  west -cent ra l ,  nor thwestern ,  and no l theas tern  sec t ions

r i te.2 The lg80 nobi le scan by oRNL ident i f ied above background

long Lu t ts  Road,  Wesson Road '  t ' ! l r '  S t ree t '  and 'T ' r r  S t ree t '3  Some o f

Ebe d i r t r a d i a t i o n m a y b e d u e t o n a t u r a l r a d i o a c t i v i t y i n t h e r o c k f i l l

used o E h i s P r o P e r t y . T h e C e n t r a l a n d W e s t D r a i o a g e D i t c h e s a n d a r e a s

r i r b a n k s r e r o a i n e d c o n t a n i n a t e d f r o m p r e v i o u s r u n - o f f o f r e s i d u e salong t

s to red n t ,he  DOE s i te .

SURVEY PROCEDURES

comprehensive survey of NFSS off-s i te proPerty T was Perfo::med bY

of  Oak R idge Assoc ia ted

The survey sas in accordance
the lo log ica l  S i te  Assessment  Program

Univer

w i th  a

0 f  f  i ce

Preselr

o f t

an] r

i t ies  (OneU) ,  dur ing  l ' l ay -August  1983 '

p lan  da ted  March  18 ,  1983 '  aPProved

of  Nuc lear  Energy '  The ob jec t ive  aod

ed in  th is  sec t ion '

e  o b j e c t i v e

rad io log ica l

of the survey IJas to provide a comPrehensive assessment

cond i t ions  and assoc ia ted  po ten t ia l  hea l th  e f fec ts '  i f

Rad io log ica l  in fo rs ra t ion  co l lec ted  inc luded:
ProPer ty  T .
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d i rec t  rad ia t ion  exPosure

r a f e s  t

Ioca t ions  o f  con t 'aminated  sur face  areas  '

concent , ra t , ions  o f  rad ionuc l ides  in  sur face

concent ra t ions  o f  rad ionuc l ides  in  sur face

concent ra t ions  o f  rad ionuc l ides  in  sed iment

r a d i a t i o n  l e v e l s  i n s i d e  s t r u c t u r e s '

ra tes  and sur face be ta -gamma dose

and  subsu r face  so i l ,

and ground water '

samples,  and

d i t  c h ,

B e c h t e

survey

Cent ra l  Dra inage D i t ' ch ,  an  easement  o f  13  m on each s ide  o f  tha t

nd t ,he west Drainage Ditch are being decontaminated and surveyed by

N a t i o n a l , I n c . T h e s e a r e a s w e r e t h e r e f o r e n o t i n c l u d e d i n t h e o R A U

Pera t ] .ons .

Brush and weeds l te re  c leared  as  needed to  p rov ide  access  fo r

gr idding and sunreying and a 20 n gr id systeo l i las establ ished by

Mcrntosh and t lcrntosh of Lockport ,  Ny, under subcoutract '  The

gr id  sys tem is  shown on F igure  3  '

I {a lkover  sur face  scans  were  conducted  over  a l l  access ib le  a reas

of  the  Proper ty .  T raverses  were  a t  2 -5s  in tenra ls  on  those

areas  tha t  were  re la t i ve ly  inaccess ib le  and had no  h is to ry  o f

rad ioac t ive  use .  Scann ing  in te rva ls  were  1-2  m a long a l l  roads '

r a i l r o a d s , i n a r e a s p r e v i o u s l y i d e n t i f i e d a s h a v i n g e l e v a E e d

r a d i a t i o n l e v e l s , a n d i n o t h e r a r e a s w h e r e d i r e c t r a d i a t i o n

measurements  suggested  poss ib le  contaminated  res idues '  Por tab le

gamma NaI (T1)  sc in t i l l a t ion  survey  meters  were  used fo r  the

s c a n s . L o c a t i o n s o f e l e v a t e d c o n t a c t r a d i a t i o n l e v e l s w e r e

n o t e d .

Gamma exPosure rate measurements were made at the surface and at

I  m above Ehe sur face  a t  20  rn  g r id  in te rva ls '  l l easuremenEs were

per fo rmed us ing  por tab le  gamma NaI (T1)  sc in t i l l a t ion  survey

meters .  Convers ion  o f  these measurements  to  exPosure  ra tes  in



4 .

5 .

6 .

7 .

Beta-gamma dose rate measurements were performed at I  cm above

t h e s u r f a c e a t 2 0 n g r i d i n t e r v a l s . T h e s e m e a s u r e m e n t s w e r e

conducted using thiu-window (<7 ng/cro2) G-M detectors and

p o r t a b l e s c a l e r / r a t @ e t e r s . M e a s u r e B e n t s w e r e a l s o o b t a i n e d w i t h

the  de tec tor  sh ie lded Eo eva lua te  cont r ibu t ions  o f  noupenet ra t ing

beta and low-energy garma radiat ions '  Meter readings \rere

c o n v e r t e d t o d o s e r a t e s i n m i c r o r a d s P e r h o u r ( p r a d / h ) b a s e d o n

cross cal ibrat ion with a thin-window ionizat ion chamber'

mic roroentgens  Per

c a l i b r a t i o n  w i t h  a

Sur face  (0 -15  cn)

co l lec ted  a t  each

Detec t ion  Sc iences  GrouP o f

penetrat ing radar surveys at

assure  tha t  subsur face  p ip ing

during dr i l l ing'  In many

s l i g h t l Y .

h o u r  ( u R / h )  \ { a s  i n  a c c o r d a n c e  w i t h  c r o s s

pressur ized  ion iza t ion  chamber '

soi l  samples of approximately I  kg each were

access ib le  20  rn  g r id  in tenra l '

Carl is le,  lL, [ ,  Perf  ormed ground

proposed boreho le  loca t ions  to

aud ut i l i t ies were oot damaged

cases ,  boreho les  l te re  re loca ted

A t ' s e l e c t e d l o c a t i o n s o f e l e v a t e d s u r f a c e r a d i a t i o n l e v e l s

beta-garnma dose rates and exPosure rates at I  m above Ehe surface

were  a lso  measured '  Sur face  samples  were  ob ta ined f rom these

l o c a t i o n s a n d r f o L l o w i n g s a n p l i n g ' t h e s u r f a c e e x P o s u r e l e v e l s

\ re re  reneasured fo r  compar ison  w i th  p resampr ing  levers .

Boreholes l rere dr i l led to provide a mechanism for loggrng

subsur face  d i rec t  rad ia t ion  pro f i les  and co l lec t ing  subsur face

s o i l a n d w a t e r s a m p l e s . T w e n t y - t h r e e b o r e h o l e s w e r e d r i l l e d b y

Si te  Eng ineers ,  Inc ' ,  o f  Cher ry  E i l l '  NJ '  us ing  a  t ruck  mounted

20 cn diameter hol low-stem auger '  Two addit ional shal low

boreho les  were  dr i l led  by  Ehe oRAU survey  team.  The loca t ions  o f

these boreho les  are  shown on F igure  4 '



9 .

10

I I

G a m m a r a d i a t i o n s c a n s w e r e p e r f o r m e d i n t h e b o r e h o l e s t o i d e n t i f y

t h e l o c a t i o n s o f e l e v a t e d d i r e c t r a d i a t i o n l e v e l s w h i c h n i g h t

ind ica te  subsur face  res idues  '  Rad ia t iou  pro f iLes  in  the

boreholes \Jere determined by measuring garuna radiat ion at

1 5 - 3 0 c n i u t e r v a l s b e t w e e n E h e s u r f a c e a n d g r o u n d ! ' a t e r o r t h e

ho le  bo t toE.  A  co l l imated  ganna sc iu t i l l a t ion  de tec tor  and

por tab le  sca le r  were  used fo r  these measurements  '

G r o u n d w a t e t s a m p l e s o f a p p r o x i m a t e l y 3 . 5 l i t e r s \ f e r e c o l l e c t e d

f r o m s e v e n b o r e h o l e l o c a t i o n s . T h e s a m p l e s w e r e c o l l e c t e d u s i n g

a hand bai ler.  Soi l  samples of approxirnately I  kg each \ tete

co l lec ted  f rom var ious  depths  in  the  ho les  by  scrap ing  the  s ides

of each borehole with an ORAU designed sampl ing tool '

F o u r w a t e r s a m p l e s \ ' e r e c o l l e c t e d f r o m a r e a s o f s t a u d i n g w a t e r

( s e e  F i g u r e  5 ) .

one sediment sample was col lected froo a drainage di tch (see

F i g u r e  5 ) .

I { a l k o v e r s u r f a c e s c a n s \ ' e r e p e r f o r u e d i n t h e b u i l d i n g s o n t h i s

property and on the concrete foundat ions of demol ished

s t ruc tures .  NaI  ganna sc in t i l l a t iou  deEectors  were  used fo r

t h e s e  s c a n g .

T w e u t y s o i l s a m p l e s a n d s e v e n l r a t e r s a m p l e s w e r e c o l l e c t e d f r o m

the Lewis ton  area  (bu t  no t  on  NFss  or  assoc ia ted  o f f -s i te

p r o p e r t i e s ) t o p r o v i d e b a s e l i n e c o n c e n t l a t i o n s o f r a d i o n u c l i d e s

f o r c o m p a r i s o n P u r P o s e s . D i r e c t b a c k g r o u n d r a d i a t i o n l e v e l s w e r e

m e a s u r e d a t l o c a t i o n s w h e r e b a s e l i n e s o i l s a m p l e s w e r e c o l l e c t e d .

T h e l o c a t i o n s o f t h e b a s e l i n e s a n p l e s a n d b a c k g r o u n d m e a s u r e m e n t s

are shown on Figure 6 '
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Eional

lx

l ts of  this survey were conpared to the

ut i l i zed  rad ioac t ive  mater ia ls  hand l ing

i x  B .

information concerning analyt ical

A "

equipment and Procedures

app l icab le  gu ide l ines  fo r

s i t e s ,  w h i c h  a r e  P r e s e n t e d

RESULTS

k g r o u n d e x P o s u r e r a t e s a n d b a s e l i n e r a d i o n u c l i d e c o u c e n t r a t i o n s i n

so i l  ' t e r m i n e d f o r 2 0 l o c a t i o n s ( r i g u r e 6 ) i n t h e v i c i n i t y o f t h e N F S S '

are Pr sented  in  Tabre  l -A .  Exposure  ra tes  ranged f rom 6  '  8  to  8 '  8  uR/h

(  t y p i c leve ls  fo r  th is  a rea  o f  New York)  ' Concent ra t ions  o f

rad io l ides  iu  so i l  l re re :  Ra-226 '  <O'09  to  L '22  pcL /g  (p icocur ies  Per

-235 ,<0 .14 to0 .46pc i / s ;u -238 '<2 '2Oto6 '26pcL le ;Th-232 '0 '32

pc i /g ;  and Cs- I37 ,  (0 '02  to  1 '05  pc i /g '  These concent ra t ions  are

o f t h e r a d i o n u c l i d e l e v e l s n o r m a l l y e n c o u n t e r e d i n s u r f a c e s o i l s .

d i o a c t i v i t y l e v e l s i n b a s e l i n e w a t e r s a m p l e s a r e p r e s e n t e d i n

- B . T h e g r o s s a l p h a a n d g r o s s b e t a c o n c e n t r a t i o n s r a n g e d f r o n 0 . 5 5

gran ) ;

t ,o  I  .1

typ ica

Tab le

t o  l .

These

p c i / 1 ( p i c o c u r i e s P e r l i t e r ) a n d ( 0 . 6 3 t o 1 4 . 3 p c i / l , r e s p e c t i v e l y .

r e t y p i c a l o f c o n c e n t r a t i o n s n o r m a l l y o c c u r r i n g i n s u r f a c e w a t e r .



I

Measur ts  per fo rmed w i th  the  de tec tor  sh ie lded averaged approx imate ly

201( les than  those w i th  the  unsh ie lded de tec tor '  Th is  ind ica tes  on ly  a

r t ion  o f  the  sur face  dose ra te  i s  due to  noupenet ra t ing  be ta  o r

low-eoe photon  rad ia t ions  "

P r e s e n t

E h e s e

contact,

(  averag

srnal l

Th

rad ia t i

r a d i a t i

r a t e s

\ras me

80N,

s igni f

actual

aPPear

s i t e .

up to

s p o c s

Ehe i

as  soc

sur fa

ProPe

c t  r a d i a t i o n  l e v e l s ,  m e a s u r e d  a t  2 0  n  g r i d  i n t e n r a l s  '  a r e

i n T a b l e 2 . T h e g a m m a e x P o s u r e r a t e s a t l E a b o v e t h e s u r f a c e a t

id  po in ts  rauged f rom 5  to  16  UR/h  (average 8  uR/h)  '  sur face

gamma exPosure rates and beta-gamma dose rates \ tere 5 to 21 uR/h

8  uR/h )  and  6  to  110  u rad /h  (ave rage  16  u  rad /h ) ,  resPec t i ve l y '

w a l k o v e r s u r y e y i d e n t i f i e d n u m e r o u s a r e a s w i t h e l e v a t e d c o n t a c t

n l e v e l s . T h e s e a r e a s a r e i n d i c a t e d o n F i g u r e T a n d a s s o c i a t e d

n leve ls  a re  p resented  in  Tab le  3 .  Sur face  contac t  gamma exposure

these locat ions rauged from 12-220 uR/h; the maximum contact level

u red  a t  g r id  po iu t  35N,1g{ '  Exposure  ra tes  a t  I  m above Ehe

y increased fol lowing sanPl ing'

though elevaEed areas were noted throughout ProPerty T'  there

d  to  be  conceBt ra t ions  o f  such areas  on  cer ta in  por t ions  o f  the

A l o n g t h e b a n k s o f t h e W e s t D r a i n a g e D i t c h t h e r e w e r e m o u n d s o f s o i l

4 n i n d i a m e t e r a n d l . 5 n i n h e i g h t . T h e s e m o u n d s a r e l i k e l y

e r i o r a n d p e r i m e t e r r o a d s . A d d i t i o n a l g e n e r a l l y e l e v a t e d a r e a s w e r e

ted with regions of rock and gravel f i l l  around bui ldings and on the

o f  o l d  p a r k i n g  a r e a s ,  e ' B ' i n  t h e  n o r t h w e s t  p o r t i o n  o f  E h e

sur fa ranged to  20  uR/h . Beta-garoma dose rates ranged from

L7 -L7 3 urad/h. The maximum dose raEe \ras measured near gr id point

S a m p l i u g a t u a n y l o c a t i o n s o f e l e v a t e d r a d i a t i o n l e v e l s d i d n o t

n t l y r e d u c e t h e c o t r t a c t e x P o s u r e r a t e s ; a t s o m e l o c a t i o n s l e v e l s

mater i 1 dredged from the drainage di tch. Numerous smal l  isolated "hot

w e r e a l s o n o t e d a l o n g t h e r a i l r o a d t r a c k s a n d i n s e v e r a l a r e a s a l o u g



concent r

Ehe samP

near  th

Ra-226

Tab e 4  l i s ts  the  concent ra t ious  o f  rad ionuc l ides  measured in  sur face

s o i l  t 20 n gr id intenrals '  These samples contained Ra-226

t i o n s  r a n g i n g  f r o m  0 . 1 9  t o  f l ' 5  p C i / g '  T h e  h i g h e s t  l e v e l  w a s  i n

e c o l l e c t e d a t g r i d p o i n t 4 N , S T W a l o n g t h e e d g e o f ' ' l ' l . . S t r e e t a n d

central  Drainage Ditch. Al though many of the sarnples contained

n c e n t r a t i o n s e x c e e d i n g t h o s e i n E h e b a s e l i n e s o i l s a m p l e s , o n l y

radronu

e igh t  s les  conta ined more  t 'han  5  pCi /S  above the  base l ine  leve l  '

Concent t i onso fU -235 ,u -238 ,Th .232 ,andCs - I3Twereno ts i gn i f i can t l y

f rom those in  base l ine  samPles  '

ides  were  no ted  in  these samPles  '

No ottrer gamma emitting
d i f f e r

conEacE

f a l 1  i n

contain

coutent

no ted

in this

conten

u-23 8

two r

aPprox

undete

sampl

u s e d

ionucl ide conceutraEions in

rad ia t ion  leve ls  a re  Presented

o th ree  d i f fe ren t  ca tegor les  '

prirnarily Ra-226; iacluded

samples  f rom loca t ions  o f  e leva ted

in  Tab le  5 .  These samPles  aPPear  to

The f i rs t  ca tegory  i s  rocks  or  so i l

a r e  s a m P l e s  8 1 ,  B l O ,  B l l ,  R l z '  B 1 4 '

816 ,  B ,  821,  823,  I l24,  I ;25,  827,  B31'  aud f .32 '  The h ighest  Ra-226

( 5 7 0 p C i / g ) \ r a s i n a r o c k s a m p l e ' B 1 ' s i n i l a r r o c k s h a v e b e e n

other  SCA proper t ies  in  the  v ic in i ty  o f  p roper ty  T '  Other  samples

category contained from 5 '24 to 86'0 pCi/g of Ra-226'

l e s  l , 1 2 ,  8 3 ,  8 4 ,  8 5 ,  8 6 ,  8 2 6 ,  B 2 g '  a n d  B 3 5  r e P r e s e n t  a  s e c o n d

gener type of mater ial .  These are al l  rocks containing a high T}| l -232

. Leve l s range f rom l53pc i / e | o , zo ) t o1180pc i / g (84 ) .Ra -226and

oncentrat ions are a lso e levated in  these samples;  levels  of  these

ionuclides are approximately the same'

rernainder of the samples are rock, gravel,  and soi l  containing

nately equal quant iEies of Ra-226 and U-238' but '  with basel ine or

table levels of Th-232. Coucentrat ions of Ra-226 and u-238 in these

t y p i c a l l y r a n g e u P t o 5 0 p c i / g . T h i s m a t e r i a l i s s i n i l a r t o t h a t

o t h e r o f f - s i t e p r o p e r t i e s a n d E h r o u g h o u t t h e N i a g a r a F a l l s a r e a a s

c t ion  f i l l  and  Pav ing  base 'cons t r



The

rad ionuc

pr ev iou s

conta in i

o p e r a t i o

indiv id

l o c a t e d

Ehat

except i

extends

count

ind ica t

logging

the sub

Th-232,

sample

prov i

concen

Hl 4-H2

el evat

measur

concen

Boreho

Subsur

s ign i f

I a t t e r E v o c a t e g o r i e s o f m a t e r i a l a r e b e l i e v e d t o c o n t a l n

ide  leve ls  o f  na tura l  o r ig in  and are  noL l i ke ly  a t t r ibu tab le  to

I , IED/AEC ac t iv i t ies  a t  NFSS.  The f  i r s t  ca tegory  o f  mater ia l  '

pr i roar i ly Ra-226, is probably associated with the I{ED/AEC

at  th is  s i te .  Areas  inc luded in  th is  g rouP are  pr inar i l y

I p i e c e s o f r o c k - l i k e m a t e r i a l o r a r e p i l e s o f d r e d g e d s e d i m e n t s

long the  West  Dra inage D i tch '

r e s u l t s o f g a m m a s c i n t i l l a t i o n m e a s u r e n e n t s i n b o r e h o l e s i n d i c a t e

taminat ion is conf ined to the uPPer 30 cm of soi l '  wi th the

of areas near the West Drainage Ditch'  where contaninat ion

to aE least 60 cm. As evidenced by sample analysis '  the gatrma

a t e s d e t e : : m i n e d b y t h e b o r e h o l e m e a s u f e E e n t s w e r e r e l i a b l e

r s o f e l e v a t e d s u b s u r f a c e r a d i o n u c l i d e l e v e l s . E o w e v e r , t b e g a n m a

d a t a w a s o o f u s e f u l i u q u a n t i f y i n g r a d i o n u c l i d e c o n c e [ E r a t i o n s i n

u r f a c e s o i l , b e c a u s e o f E h e v a r y i n g r a t i o s o f R a - 2 2 6 , | J - 2 3 5 , u - 2 3 8 '

and Cs-137 occur r ing  in  so i l s  f rom th is  s i te '

l e 6 P r e s e n t s t h e r a d i o n u c l i d e c o u c e t r ! r a t i o n s m e a s u r e d i n s o i l

f rom boreho les .  The th i r teen boreho les  (E l -E f3)  '  loca ted  to

a  representa t ive  coverage o f  the  proper ty ,  con ta ined rad ionuc l ide

a t i o n s i n t h e r a n g e o f b a s e l i n e l e v e l s . M o s t o f t h e b o r e h o l e s '

, d r i l l e d a E l o c a t i o n s i d e n t i f i e d b y t h e v a l k o v e r s c a n , c o u t a i u e d

cot rcent ra t ious .  The h ighes t  subsur face  Ra-226 leve ls  were

d i n t h e p i l e s o f s o i l a l o n g t h e W e s t D r a i n a g e D i t c h ; t h e m a x l E u m

r a t i o n o f 3 s . 4 p c L h w a s a t L h e 3 0 c m d e p t h i n b o r e h o l e B 2 0 .

e } l 2 2 c o o t a i n e d a R a . 2 2 6 c o n c e n t r a t i o n o f 3 2 . L p C : ' l g a t l 5 c m d e e p .

ace concent ra t ions  o f  U-235 '  U-238 '  Cs-137 '  and Th-232 were  no t

cant ly  d i f fe reu t  than base l ine  leve ls '



Sur f  ace at er

Sam

T a b l e  7  )

<0 .30  t

20 .3  pC i

les W1-W4 were

These samPles

<1  . 67  pc i /  r  .

1 .  These  va lues

c o l l e c t e d  f r o m  a r e a s  o f  s t a n d i a g  w a t e r  ( r e f e r  t o

conta ined gross  a lpha concent ra t ions  rang ing  f rom

G r o s s  b e t a  c o n c e n t r a t i o n s  r a n g e d  f r o m  L ' 7 6  t o

do no t  d i f fe r  s ign i f i can t ly  f rom base l ine  leve ls  '

Subsur f Water

co  1  lec t

11.6  pc

sanple

contain

northw

concen

proxi

and

r a t e s

which

no fur

s alpha and beta

f r o m  b o r e h o l e s ,

concentrat ions in

rauged f rom 1 .07

sediment sanPle was col lected

t  por t ion  o f  the  ProPer ty  
(  see

a t i o n  ( 9 . 1 5  P C i / e )  w a s  m e a s u r e d  i n

y  to  the  Cent ra l  Dra ioage D i tch '

2  were  in  the  ranges  o f  base l ine  concenEra t lons '

l L ,  r e s p e c t i v e l y .  T h e  h i g h e s t  g t o s s

1l f ron borehole 817 '  This sample was

< 0 . 2 2  p C i / 1  o f  E h a t  r a d i o n u c l i d e

gu ide l ines  aPPl icab le  to  c leanuP

Fal ls  S torage S i te  a re  p resented  in

subsur face water  samPles '

t o  17 .0  Pc i / l  and  2 ' 27  t o

alpha concentration was in

also analYzed for Ra-226 and

f rom a  d i tch  loca ted  in  the

Table 8).  An elevated Ra-226

th is  samPle  Poss ib lY  due to  i t s

L e v e l s  o f  U - 2 3 5 ,  U - 2 3 8 '  C s - l 3 7 '

indicated gamlna exPosure

d i r e c t  r a d i a t i o n  l e v e l s '

res idues  '  sere  no ted  and

o f  o f f - s i t e  P r o P e r t i e s  a !  L h e

Append ix  B .  Rad ia t ion  leve Is

lkover  rad ia t ion  sur face  scans  in  bu i ld ings

anging fron 5-7 uR/h'  No areas of elevated

u ld  suggest  the  Presence o f  con tan ina ted

her measurements were Performed'

COUPARISON OF SURVEY RESULTS WII'H GUIDELINES

Niaga



and rad i

near -sur !
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i s o l a t e d

for  oPen

I m abov

cr i t  er io

cont,a].n

concent

I  50  pc i /

I JCTC

wheu av

strnmari

l o t s ,

o rs

thorium

previou

uoted

a r e a s .

along

radiat

exceed

216 n3

l in i ts

water

c l i d e c o n c e n t r a t i o n s , a s s o c i a t e d w i t h s r n a l l a r e a s o f s u r f a c e o r

c e c o n t a m i n a t i o n r e x c e e d t h e s e g u i d e l i n e v a l u e s ' H o w e v e r ' w h e n

i n t e r m s o f p o t e n t i a l e x P o s u r e s o r a v e r a g e d o v e r l a r g e r s u r f a c e

y o f t h e s e l e v e l s a n d c o n c e n t r a t i o n s m e e t t h e c l e a o u p c r i t e r i a .

max imum exPosure  ra te  o f  220 uR/h '  in  contac t  w i th  one o f  the

a r e a s o f s u r f a c e c o n t a n i n a t i o n , e x c e e d s t ' h e g u i d e l i n e o f 6 0 u R / h

laud areas  access ib le  by  the  generar  pub l i c .  Exposure  ra tes  a t

the  sur face  rauged f ron  8-20  uR/h  and are  we l l  w i th in  the  60  uR/h

l'1o s areas of surface contaninat ion'

Ra-226 concentrat ions in excess

t ious  a t  some o f  these loca t ions

and 15  pCi /g '  resPect ive lY '  ManY

11 and isolated, and concenttat lons

raged over an area of 100 n2'  The

ed in Table 9 and shown ou Figure 7 '

ated radionucl ide levels along

near bui ldings aPPear to be

mater ia ls  used as  a  f i l l  aud

levels in this mater ial  are of

government act iv i t ies on this

other ProPert ies at NFSS and

ident i f ied bY the walkover scatr '

of 5 PCLle. U-238 and Th-232

a lso  erceeded t 'he  c r i te r ia  o f

of these areas of contaminat ion

would be below the guidel ines

areas exceediug guidel iues are

the rai l road trgcks, roads '  Parking

assoc ia ted ,  in  most  cases '  w i th  rock

paving base. Radium, uraniun'  and

natural  or igiu aad do not ar ise from

s i te .  S in i la r  mater ia ls  have been

in the Lewiston and Niagara Fal ls

s of sediment and debris

he  West  Dra inage D i tch  are

levels and contain surface

gu ide l ines .  I t  i s  es t ina ted

th is  na ter ia l  i s  Present  on

the  resu l t  o f  d redg ing  ac t iv i t ies

a lso  a  source  o f  e leva ted  d i rec t

and subsurfac e Ra-226 concentrat ioos

Ehat a Eotal  volume of approxinately

proPer t 'Y  T .

r f a c e

o f  f 5

water  conta ined rad ionuc l ide  concent ra t ions

p c i / 1 ,  g r o s s  a l p h a  a n d  5 0  p C i / 1 '  g r o s s  b e E a '

conta ined a  gross  a lpha concent ra t ion  o f  L7

below the EPA

One subsurface

. 0  p c i / l .  T h i s
sample

l 1
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samPle

be lors  E

foundat

as  ana lyzed

e EPA linit

n s  d i d  n o t

fo r  Ra-226 and found to  conta in  <0 .22  pCL/L  we l l

fo r  tha t  rad ionuc l ide .  Ganma scans  o f  bu i ld ings  and

ident i f y  ev idence o f  con taminated  res idues .

S t o r a g e

sur face

ana lyse

sur face

Ground

Th

spo ts  r l

d i r e c t

crushed

Niagara

radioac

Ra-226

Drainag

areas

A1

exceed

use by

r isks t

o f  the

t,he gro

SUMMARY

prehens ive  sur :vey  o f  o f f -s i te  p roper ty  T  a t  the  N iagara  Fa l l s

S i te  was couducted  dur ing  May-August  1983.  The survey  inc luded:

rad ia t ion  scaus ,  measu!ements  o f  d i rec t  rad ia t ion  leve ls ,  and

for  rad ionuc l ide  concent , ra t ions  in  so i l  and  water  samples ,  bo th

and subsur face .  Ana lyses  o f  sed iment  samples  were  a lso  per fo rmed.

enet ra t ing  radar  \ ras  used to  ident i f y  subsur face  u t i l i t i es  wh ich

night e c l u d e  b o r e h o l e  d r i l l i n g .

resu l ts  o f  the  survey  ind ica ted  smal l  a reas  and iso la ted  t tho t

f  Ra-226, U-238, and Th-232 contaminat ion, which result  in elevated

ad ia t ion  leve Is .  The coataminat ion  is  p r inc ipa l l y  iu  the  fo rm o f

rock or slag conmonly used for f i l l  aod as a paving base in the

Fa l ls  a rea ;  th is  na ter ia l  i s  no t  a t t r ibu tab le  to  p rev ious

ive  waste  hand l ing  and s to rage ac t iv i t ies  a t  th is  s i te .  P i les  o f

contaminated sedimeut from dredging act iv i t ies along the l{est

D i tch  were  a lso  ident i f ied .  These p i les  and ad jacent  sur face

nta in  a  vo lume o f  about  216 n3 .

hough the contaminated residues on smal l  port ions of this property

e  gu ide l ines  es tab l i shed fo r  re lease o f  the  s i te  fo r  unres t r i c ted

the  genera l  pub l i c ,  the  contaminants  do  no t ,  pose po ten t ia l  hea l th

the  pub l ic  o r  s i te  workers .  There  is  no  ev idence tha t  n ig ra t ion

ad ioac t ive  mater ia ls  i s  adverse ly  a f fec t ing  ad jacent  p roper t ies  o r

\ ra te r .

I 2



I

I

!
I

O .sKM

Map of Niagara Fal ls
Lewiston, New York,
Proper ty  T .

S t o r a g e  S i t e  a n d  O f f - S i t e  P r o p e r t i e s '

Ind ica t ing  the  Locat ion  o f  Of f -S i te
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RADIONUgLIDE

TA3LE

CONCENIRATIONS

I-B

IN BASELINE I{ATER SAMSLES

tiona
Radiooucl ide Conceugrat ioue (pCi / f  )

Groes AlPha Groes Beta

I{6
ll7

0.95  i  0 .93b
0 .95  +  0 .94
0 .55  1  0 .78
0 .63  a  0 .89
0 .73  g  0 .68
1 .87  g  1 .84
1 .16  3  0 .66

0 .55  Eo  1 .87

4 .79  t  L .L5
9 .17  g  1 .31
2 .73  3  1 .05
5 .37  !  l . l 7

<0.64
14 .3  !  2 .4

<0.63

<0.63  to  14 .3
Rauge

a
b

fer to Figure 6.
a are 2o baeed on counting statist ice.

2L



G r i
Locat

40
40
40
40
40
40
40
40
40
40
40
40
40

0
20
40
57
97
00

120
140
160
180
200
220
235

Ganma ExPosure
R a t e s a t , l n A b o v e

Ehe surface
(uPJh)

TABLE 2

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVAIS

Gamna ExPosure
Rates at the

Surface
( u R / h )

Beta-Gamoa Dose

Rates at I cm Above
Ehe Surface

(  y rad /h)

22
9

20
18

l0
9

10
10

55
97

I
I
I
I
I

0
0
0
0
0
0
0
0
0
0
0
0
0
0

20
20
20
20
20
20
20
20
20
20
20
20
20

5
0
7

a

l 6
9

I9
25
T4
l l
1 l
13
6

L7
2T

7
9

I3
T4
I I
26

8
z l
L4
8

T7

20
l9
9

L9
10
2T
L7
7
7

l6
r3
8

24

a
9
9
9

10
8

10
8
9
6

I
7
7
7
9
I
8
7
I
8
7
8
7

9
8
7
9
8
8
7
7
7
7
7
8
8

9
t0
9

10
a
8
8
9
9
I

10
8
9
6

I
7
7
7
9
8
8
7
8
8
7
8
7

8
9
7
8
8
8
7
8
7
7
7
8
8

20
40
60
80

0
5

2

22



Grid
Locat l

Gamma ExPosure
Rates at I ru Above

the Surface
( u R / h )

TABLE 2'  cont '

DIRECT RADIATION LEVELS

IIEASURED AT 20 M GRID INTERVATS

Gamua ExPosure
Rates aE the

Surface
(uR/h)

Beta-Gamna Dose
Rates at I cm Above

Ehe Surface
( prad/h)

L2
L2

110
10

a

a
9
8
8
1
I

7
8
7
8

7
6
8
I
a
a
8
7
7
I
7
7
8
9

9
9
6
a
a
a
8
7
I
8
8

t2

0
20
40
60
80
00
o2
.20
.40
.60
r80

I
I
I

60
60
50
60
60
60
60
60
60
60
50
60
60
60

80
80
80
80
80
80
80
80
80
80
80
80
80
80

r00
100
100
t00
100
100
100
I00
r00
r00
100
100

0
20
40
60
80

100
to2
120
r40
160
180
200

33
7

L2
29

a
a
8

1 l
8

L7
7

15
t6
15

l0
7
7
8
a
a
8
8
8
7
7
8
7
8

7
6

2L
t0

a

l 0
7
7
7
a

a
8
8
8
8
7
7
8
9

10
l0
6
a
a
a
8
7

t l
8
7

l2

a
I

2L
8
9

22
13
28
23

L4
3 I
8
a
a
a
8

1 3
22
19
7

2 l

23



Gr
ocat

Gamrna ExPosure
R a t e s a t l m A b o v e

the Surface
(uR/h)

I
L2

TABLE 2'  cont '

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Gamma ExPosure
Rates at the

Surface
( u R / h )

Beta-GanEa Dose

Rates at I cm Above
the surface

(  p rad /h)

a

L7
a
6

I9
7

T4
7

15
24
16
35
16
15

T7
31
25
32
29
L6
T2

a

100
100

120
120
t20
120
120
r20
r20
r20
120
120
120
120
L20
120

r40
140
140
140
140
140
140
140
140
140
140
140
140

r60
160
r60
160
160
r60
160
160
r60
r60

0
20
40
60
67

106
r20
140
I60
l8 l

L2
27

l1
t2
13

a
a
a

10
L2
7

L2
7

35
L2

a
a
7
7
7
7
7

t2
10

7
10

1 I
8
7
a

9
7
7
a
a
a
7
I
7
I
7

r3
9
a

9
a
6
I
7
7
7
8
I
8

t0
7
8

9
a
6
7
7
7
7
9
8
9

10
I I
I

I
I
I

0
20
40
60
64
05
20
40
50
80

20
35

a
7

l1
8

l0
L2
l4
7
7
a
a
7

t2
8

t t
t2
L2
7
6
a
a
7

24



Glr
Locat

150
160 2

Gamma ExPosure
R a t e s a t l n A b o v e

the Surface
(uR/h)

TABLE 2'  coot '

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVAI'S

Gamma ExPosure
Rates at the

Surface
(  uR/h)

Beta-Gamna Dose
Rates at I cm Above

the Surface
( urad/h)

32
8
6
8

l9
8
7

r9
7

16
7
8

20

13
l4
IO
L2
26

160

180
180
180
180
180
180
180
r80
180
180
r80
180
r80

200
200
200
200
200
200
200
200
200
200
200
200
200

220
220
220
220
220
220
220
220
220
220

0
20
40
60
75

100
r16
120
140
160

70
10
L4

8
7
8

37
27

I
t 5

16
10
7

8
7
I

L7
9
8
7

16
9
7

9
7
8

r3
9
7
7

a
7

72
10
L7

a
a
7

t 5
8
7

9
7
6
8
9
8
7
7
7

10
7
8
7

a
a
7

r6
8
7

8
7
6
7
8
8
7
7
6

l0
7
8
7

20
35

0
16
40
60
70
r3
20
,40
.60
.80

a
I
7
7

l 9

8
5
7
6
I
a
I
7
7
9

9
5
7
6
I
a
8
7
7
8

25



Grid
Locat i

220 I

Gamna ExPosure
R a t e s a t l m A b o v e

the Surface
(uR/h)

TABLE 2'  cont '

DIRECT RADIATION LEVELS

I.{EASURED AT 20 }'{ GRID INTERVAI'S

Gamma ExPosure
Rates at the

Surface
( u R / h )

Beta-Gama Dose
Rates at I crn Above

the Surface
( irrad/h)

r8
16
7

15
220
220
220

240
240
240
240
240
240
240
240
240
240
240
240
240
240

260
260
260
260
260
260
260
260
260
260
260
260
260
260

280
280
280
280
280
280
280

0
II

T2
8
7
7

9
8
8
7
8
a
8
I
8

13
I
8
7
7

I3
7
7
6

9
8
8
7
8
a
8
8
8

L2
8
8
6
7

80
00
20
35

7
7
7
7
8
a

10
8

t0
8
6
I

7
6

7
7
7
7
7
a

10
8

l0
8
6
7
7
6

32
L7
2L
8

2T
a

l 6
r3
15
26
l4
L4
L4
l0

7
8

22
26
28

a
40

8
24
14
t l

7
L2
6

3 I
6

20
16
22

a
9

0
20
40
60
78
00
t8
20
40

160
180
200
20

235

0
20
40
60
78

100
l l 9

IO
6
6
7
8
a
9

l0
6
6
7
7
a
9

26



Gr
Locat

Garnna ExPosure
R a t e s a t l n A b o v e

the Surface
(uR/h)

TABLE 2 '  con t '

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Gamna ExPostire
Rates at. the

Surface
( u R / h )

Beta-Gamma Dose
Rates at I cn Above

Ehe Surface
( urad/h)

L7
T4
10
7

T2

280
280
280
280
280
280
280

300
300
300
300
300
300
300
300
300
300
300
300
300
300

320
320
320
320
320
320
320
320
320
320
320
320
320

340
340
340
340
340

I
I
I
I

0
0
0

I
29
26

7
7

t l
18

29
19
25
20
l5

a
I t
22
25
T2
10
7

l l
11

8
L2
10

7
7
6
7

9
T2
L2
7
7
a

10
8

L2
I
8
7
7
7

9
1 I
9
7
7
6
6

9
l l
10
7
7
a

l 0
8

10
8
8
7
6
7

a

27
24

9
l5
15
l6
T2

36
20
l5
22

7

9
7
7
7
7
a

9
I
8
8
8
7
7

8
7
8
8
7

8
7
7
7
7
a
9
8
7
8
8
7
7

9
7
7
7
6

5

0
20
40
60
78

18
0

0
20
40
60
79
00
2 I
40
60
80

20

27



Gr id
Locat l

Gamma ExPosure
R a E e s a t l n A b o v e

Ehe Surface
(uR/h)

TABLE 2 '  con t '

DIRECT RADIATION LEVELS

MEASURED AT 20 M GRID INTERVAIS

Gamna ExPosure
Rates aE the

Surface
( uR/h)

Beta-Ganma Dose
Rates at I cm Above

the Surface
(  u rad /h)

340
340
340
340
340
340
340
340
340
340

360
360
360
360
360
360
360
360
350
360
360
360
360
360

380
380
380
380
380
380
380
380
380
380
380
380
380
380

0
20
40
60
78

100
l r8
120
140
160
180
200
220
235

I
I
I
I
I

a
1 l
1 I
L2
11
8
I
8
7
7

a
10
l0
T2
1 l
8
I
8
7
7

8
7
7
8
I
a

t 2
8
9
9

10
t2

7
7

I
7
7
8
8
a

L2
8
9
9
9

L2
7
7

20
35

8
7
7
7
9
a
8
8
7
7
7
7
7
7

a
34
27
30
2 t
18
I
8

L7
23

27
7
8

I2
8
a

32
z4
l 3
19
I6
18
L2
19

l5
8
7

23
24

a
8
7

l l
20
11
7

l0
7

8
8
7
7
9
a
8
7
7
7
7
7
7
7

0
53

0
20
40
60
78
00
T7
20
40
60
80

28



Grid
Locat i

Gamrna ExPosure
R a t e s a t l m A b o v e

the surface
(uR/h)

TABLE 2'  cont ' '

DIRECT RADIATION LEVELS

I4EASURED AT 20 M GRID INTERVALS

Gamme Exposure
Rates at the

Surface
(  uR/h)

Beta-Gamma Dose
Rates at I cm Above

the Surface
( prad/h)

400
400
400
400
400
400
400
400
400
400
400
400
400
400

420
420
420
420
420
420
420
420
420
420
4ZO
420
420
420

I
t
I
I

I
7
7
8

10
a
8
7
7
7
7
6
7
7

8
7
7
7
9
a
7
8
7
7
7
7
7
7

8
8
8

L2
8
a
9
7
7
I
7
6
6
7

8
I
7

10
8
a
I
8
7
7
7
6
6
7

26
7

20
L2
20

a
18
7
6
7
7

16
t6
20

23
8

10
72
20

a
L7
23
18
8
9
7
6

24

I
t

0
20
40
60
78
00
L7
20
40
60

0

asurement Eaken due to presence of che Wesc

"",  
areag of standing ! f ,ater,  or bui ldings'

and Central Drainage
a N o

Di t

29
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APPENDIX A

Ins l rumenta t ion  and Ana ly ! i ca l  Procedures

Wa er surface scans and measurements of ganma exPosure rates \ f ,ere

per fo us ing  Eber l ine  Mode l  PRM-6 por tab le  ra t€meters  w i th  v ic to reen

Model  4

sc in t i l

( uR /h )

sc in t i l

Pressur

Storage

9 - 5 5  g a n m a  s c i n t i l l a t i o n  p r o b e s  c o n t a i n i n g  3 . 2  c m  x  3 . 8  c m  N a f ( f l )

t ion  c rys ta ls .  count  ra tes  were  conver ted  to  exPosure  leve ls

using factors determiued by comparing the resPonse of the

at ion  de tec t ,o r  w i th  tha t  o f  a  Reuter  SEokes mode l  RSS- I11

zed ion iza t ion  chamber  a t  severa l  loca t ions  on  the  N iagara  Fa l l s

S i t e  a n d  o f f - s i t e  P r o P e r t i e s .

urenents were performed using Eberl ine t 'Rascal,  "  Model PRS-I '

scaler/ratemeters with l lodel I IP-260 thin-window, pancake G-M, beta

D o s e r a t e s ( u r a d / h ) w e r e d e t e r n i u e d b y c o m p a r i s o n o f t h e r e s P o n s e

toreen Model 440 iouizat ion chamber survey meter to that of  Ehe G-M

ehole gamma radiat ion meaaurements were performed using a Victoreen

89-55 gasma scint i l lat ion probe, connected to a Ludlum Model 2200

sca le r .  The sc in t i l l a t iou  probe was sh ie lded by  a  I .25  cm th ick

ield with four 2.5 crn x 7 --  holes evenly spaced around the reglon

c in t i l l a t iou  c rys ta l .  The probe was lowered in to  each ho le  us ing  a

lder with a smal l  winch. Measurenents were performed at l5-30 cm

ls  iu  a l l  ho les .  The logg ing  da ta  was used to  ident i f y  reg ions  o f

res idues  and gu ide  the  se lec t ion  o f  subsur face  so i l  sampl ing

s. Due to the varyiug rat ios of Ra-226, U-235' U-238' th-232' and

there  r ras  no  a t tenPt  to  es t imate  so i l  rad ionuc l ide  concent ra t ions

y  f rom the  logg ing  resu l ts .

por tabl

p robes .

o faV i

p robes .

Model

por tab

lead s

of the

t r ipod

interv

poss ib

loca t i

Cs-1  37

d i r e c t
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Ganna S

S o

ct rometry

and sedimeuL samples l rere dr ied, mixed, and a port ion placed in a

Mar ine l l i  beaker .  The quaut i t y  p laced in  each beaker  was chosen

ce the cal ibrated count ing geometry and ranged from 600 to 800 g

Net soi l  weights \ fere determined and the samples counted using

ate  in t r ins ic  german iuu  and Ge(L i )  de tec tors  coup led  to  a  Nuc lear

el  ND-680 pulse height analyzer systen. Background and ComPton

st r ipp i ,  peak  search ,  peak  ident i f i ca t ion ,  and concent ra t ion  ca lcu la t ious

!rere formed using the computer capabi l i t ies inherent in the analyzer

Energy peaks used for deterninat iou of radionucl ides of concernsyst  em.

were :

0.5  r i r

to repr

o f  s o i l

s o l i d  s

Data tro

Ra

u-
U-

Th

Cs

Wa

Renaini

0 . 4 5  p n

Model L

0 .609  MeV

0 .143 l{eV

0.093 MeV

0 .911  MeV

0 .662  MeV

226 f rom B i -214 (cor rec ted  fo r  equ i l ib r ium cond i t ions)

fron Th-234 (secular equil ibrir:m assumed)

from Ac-228 (secular equil ibrinm assumed)

)

8

232

137

er samples vere rough-f i l tered through Whatman No. 2 f i l ter PaPer.

g suspended sol ids were removed by subsequent f i l t rat ion through

membrane f i l te rs .  The f i l t ra te  was ac id i f ied  by  add i t ion  o f  10  n l

of co trated ni tr ic acid. A known volume of each sample was evaporated

t,o d ss and counted for gross alpha aud gross beta using a Tennelec

5100 low-background proport ional counEer.

6001 4-

lysis for Ra-226 was performed using the standard technique EPA

- 0 3 2  ( A u g u s t  1 9 8 0 ) .

A-2



f o r

iuet

Proc

wi th in

io the

tbe exception of the exposure and dose rate conversion factors

able survey ganra aad beta-gama metets, all sunrey and laboratory

ts were cal ibrated lr i th NBS-traceable standards. The cal ibrat ion

e for these portable instruments are deecribed above.

l i ty control procedures on al l

aud check-souree EeasureneBts to

c ted  s ta t i s t i ca l  f luc tua t ious .  The

A Quality Aegurance Program.

inetruments included daily

coufim equipuent operatiou

ORAU laboratory part icipates

A-3



ICABLE TO

APPENDIX B

SUMMARY OF RADIATION GUIDELINES
OFF-SITE PROPERTIES AT TIIE NIAGAM FAILS STORAGE SITE



U. S. DEPARTMENT OF EI iERGY

NTERIM RESIDUAL CO}iTA}'IINATION AND T{ASTE CONTROL GUIDELINES

Itre soi l
l i n i t i n g

sidual contaminat ioo guidel ines were developed on the basis of
imum individual radiat ion exposure to DOE l ini ts specif ied in DOE

O r d e r  5 4 8 0
ned ica l  p r
add i t iona l
aggregate
perEanent

1A exclusive of exposure from natural  background radiat ion or
edures. The radiun-226 and thor ium-23O guidel ines include au

l imitat ion for bui ldup of radon-222 decay products in bui ldings. Ttre

the contr ibut ion from al l  najor pathways, based on scenarios for
n t rus ion ,  e .g . ,  es tab l i sh ing  res idences  on  the  s l t e ,  r r as  assumed .  I n

most  c i r tances, the probabl l l . ty ls 1ow that such an intrusioo ts '111 occuro
Also , rvat ive assumptLons rrere used in deriv ing these guidel i .nes to ensure

icular dose l imit  would not be exceeded. Use of these guidel lnes Ls
y conservat lve because the pathnays considered Ln the derlvat iou of
De6 assurDe all lrater intake and uost food intake ls from the site.the guide

Also, the RAP and reEote SFI{P sltes often have llntted agricultural

P r e s e n t e d

su ide ]  iness ] - f  es -  .
SFMP s i te
s i t e .  I n
rDanner con
ALAM wi l l
a p p l i c a b l e
c o n s  i d e r a t

that a par
addit ional

capabl l l . ty
e f fec t  o f

The resid

release f
or specl.al
with appl l
s l t e s ,  4 O

1/A r"rot"

Harch 21, 1

FOR
FOzu{ERLY UTILIZED SITES RELEDIAL ACTIOTi PROGRA}'{  (FUSRAP)

AND
REI'IOTE SURPLUS FACILITIES Yr-A.IiAGEMENT PROGR.dlf (SFMP S I T E S

(Rev iew i i i th in  DOE Cont inu ing)

r e  a r e  t h e  r e s i d u a l  c o n t a m i n a t i o n  c l e a n u p  a n d  w a s t e  c o n t r o l
o f  genera l  app l i cab l l i t y  to  the  FUSRAP pro jec t  and remote  SFMP

si te -spec i f i c  ana lys is  w i l l  be  prepared fo r  each FUSRAP and re t ro te
r lo r  to  de tern in ing  res idua l  con taminat ion  gu ide l ines  fo r  a  spec i f i c

d i t iou ,  i t  i s  the  po l i cy  o f  the  DOE to  deconteminate  s i tes  in  a
istent with DOE's as-1ow-as-reasonably-achievable (AIARA) pol icy.
be considered io reducing levels of residual Contaminat ion below
dose l in i ts.  ALARA rr i l1 be inplemented using cost/benef i t
o n s ,  a n d  a p p l i e d  o n  a  s i t e - s p e c i f i c  b a s i s .

and thi contanl.nation is generally not homogeneous. Ttte combined
hese factors ls such tbat the probable radiatLon exPosure to the

average atlou oD, or ln tbe vicinlty of, FUSRAP or remote SFMP sites
decontarn i ted to these guidelines w'tll not bb appreclably dtfferent from that

celved frou natural backgrouud radiatlou.normally r

contaminatlou guLdelines for surface contp?nlDatiou of structurea
rrere adapt
Co--isslon

frorn guldelines developed by the U. S. Nuclear Regulatory
(NRC) for decontanlnation of facllLtles and equipment Prlor to
unrestrLcted use^gr termlnaEion of l lcenses for byproduct,  sourcet

nuclear mater l .al  3.  Ttre waste control  guldel l .nes are consistent
b1e DOE Orders aud EPA!s regulatlous for LnactLve urauitrm nlll ing

Part  192.

SFMP si te is one that is excess to DOE ProgranmaEic needs and ls

B-1



A.  .  RESI

1  oca t  ed
are Inore
a g e n c i e s
p r o d u c t i

?/u .  s .  Nu
Fa c i l i  t  I
o f  L icen
Fue l  Cyc

The fo
I  im i ts
r a d i o
s i t e s .
d e t e
the  po
below
as-1
Si te -s
s i t e - s
a c t i o
water
deve l
rePre

a r e a s .

lear  Regu la to ry  Con ' rn iss ion  1982 Gu ide l ines  fo r  Decontaminat ion  o f

s  a n d  E q u i p m e n t  P r i o r  t o  R e l e a s e  f o r  U n r e s t r i c t e d  U s e  o r  T e r m i n a t i o u

e s  f o r  B y p r o d u c t ,  S o u r c e ,  o r  S p e c i a l  N u c l e a r  M a t e r i a l .  D i v i s i o n  o f

e  a n d  M a t e r i a l  S a f e t y ,  W a s h i n g t o n ,  D C .

CONTAMINATION GUIDELINES FOR FORMERLY UTTLLZED SITES AND REMOTE

SURPLU FACILITIES }'A}{AGEI.IENT PROGMM SITES

t s i d e  a  n a j o r  o p e r a t i n g  D O E  R & D  o r
l i ke ly  to  be  re leased to  the  pub l lc

a f te r  decontaminat lon  than are  s i tes

p r o d u c t i o n  a r e a .  R e m o t e  s i t e s

or  excessed to  o ther  government

l o c a t e d  w i t h  n a j o r  R & D  o r

r40
40

190

l5

60
2400
300
80

I .

l ow ing  gu ide l ines  represeut  the  max iuum res idua l  con taminat ion
for  unres t r i c ted  use  o f  land  and s t ruc tu res  contaminated  w i th

cl ides related to the nuclear fuel  cycle at FUSRAP and remote SIUP

A s i te -spec i f i c  ana lys is  w i l l  be  prepared fo r  each s l te  p r io r  to

n ing  res idua l  con taminat ion  gu ide l ines  fo r  a  spec i f i c  s i te .  I t  i s

i cy  o f  DOE to  decontaminate  s l tes  to  contFminat ion  leve ls  a t  o r

he l in l ts and in a manner consistent rr i th DOErs
as-is-reasonably-dchievable (ALARA) pol icy on a si te-specif ic basis.

eci f lc guidel ines and ALARA pol icy wi l l  be determined by DOE on a

ci f ic basis and an ALARA report  f i led on complet ion of renediaf-

a t  a  s i te .  Ex is t iug  s ta te  and federa l  s tandards  w i l l  be  app l ied  fo r

rotect iou. Residual contaminat ion l i rnl ts fog rother nucl ides rr i1l  be
r  r  - t l  , - ^ - r  t ^ -  r L ^ ^ a

when required using the same nethodol ogyA' as Iras used for those

nted  here .

Land Guidel ines (Maxinun Limits for Unrestr icted Use)

soil cri rc=rp ,21 ,Y
ionucl ide (pCi/g above background)

75
150
r50
l5

5 pC;i/g, averaged over the
fLrst 15 cn of soll belorr
the surface; 15 p0t lg wheu
averaged over 15 cn thlck
soil layers rnore than 15 cm
below the surface and less
than l"5n below the surface.

2T

n*!
231
227

232

-238,
-r37

-'r2\g'
23g, 240

B-2



S
H-

90
(pCi ln l  so i l  no is rure)

300
5 ,200

r /

2/

scr ibed in  0RO-83I  and ORO-832.

the  event  o f  occur rence o f  n ix tu res  o f r a d i o n u c l i d e s ,  t h e
t o  i t s  g u i d e l i n e  s h a l l  b e

s h a l l  n o t  e x c e e d  1 .  T h e r e
n u s t  b e  n o d i f i e d :

rac t ion  cont r ibu ted  by  each rad ionuc l ide
termined,  and the  sum o f  these f rac t ions

re  two spec ia l  cases  fo r  wh ich  th is  ru le

)  r f  Ra-226 is  p resent ,  tben the  f racr ion  fo r  Ra-225 shou ld  no t  be
inc luded in  the  s r :m i f  the  Ra-225 concent ra t iou  is  less  than or
equal to the Th-230 conceDtrat ion. I f  the Ra-226 concentrat ion
exceeds the Th-230 concentrat iou, then the sun shal l  be
evaluated by replacing the Ra-226 concentrat ion by the
dif ference between the Ra-226 and rtr-230 concentrat ions.

)  r f  Ac-227 is present,  then the. same rule giveu in (a) for Ra-226
relat ive to Ttr-230 appl ies for Ac-227 reLat ive to pa-231.

ept for Ra-226, these guidel ines represent unrestr icted-use2/
idual concent,rat lons above background averaged acrof,s auy 15 cn
ck layer to any depth and over any cont iguous 100 ma surface area.

e aane condit ions prevai l  for Ra-226 except for soi l  layers beneath
5 n; beneath 1.5 u, the al lowable Ra-226 conceDtrat ion may be
fected by si te-specif ic condit ions and must be evaluated
cordingly.

6 l

Ll

cal ized conceDtrat lons in excess of these guidel ines are
lowable provided that the average over 100 u' is not exceeded.

ver, DOE ALARA pollcy wll l  be considered ou a site-specif lc basis
localLzed concentrations.en dealing wtth elevated

curie of natural uranium means the sr.u of 3.7 = tOlO
sintegrat ions per,qecond (dls/s) over auy l5cn thipk layers from
238 p lus  3 .7  x  lO ' "  dLs /s  f rom U:234 p lus  1 .7  x  l0>  d is /s  f rom
235. One curie of uatural uranl.un is equivaleut to 3rO00 kilograms

61600 pounds of natural  uranl.un.

sumes ao other uranlr^u lsotopes are present.

Tfr-230 guideliue ls 15 pCt/g to accouut for ingrowth of P.a-226
l tsIlr-230 decays. P.a-226 ls a lirnlting radionuclide because

ay product ls Rlt-222 gas.

Pu-241 guidellne was derived from the An-241 conceutratLou.

ture Guidelines (Maxlmtm Linits for Unrestricted Use

fndoor Radon Decay Products

A structure located on pr ivate property aud intended for
uurestr icted use shal l  be subject to renedial  act iou a6 necessary

B-3
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b .

C .

Al lowab le  Sur face  Res idua l ,  Contaminat ion* l
(dpn/100 cn- )

Removabl  J l  '6 /

Transuranics, Ra-226,
Pa-228, Ib-230 , 11:.-228,
Pa-231,  Ac-227,  I -125,
T-L29

U-Natural, nt-232,
Sr-90 , Et-223, PG,-224,
E -232 ,  r -126 ,  r -131 ,
r - r33

U-Natural, U-235, U-238,
aud associated decay
products

Beta-gartrrna emitters
(radionucl ides wtth
decay modes other than
alpha emissl.ou or
spontaneous fLsslon)
except Sr-90 and others
noted above

t o
is

Indoor Gar. rna Radiat ion

c o n c e n t r a t i o n  o f  r a d o n  d e c a y  p r o d u c t s
t h e  s t r u c t u r e .

T t re  indoor  gaMa rad ia t ion  a f te r  decontaminat ion  sha l1  no t  exceed
20 mic roroentgen per  hour  (2o  R/h)  above background in  any
o c c u p i e d  o r  h a b i t a b l e  b u i l d i n g .

I n d o o r / O u t d o o r .  S t r u c t u r e  S u r f a c e  C o n t a m i n a t i o n

ensure  the  annua l  average
less  than 0 .03  WL wi rh in

Radionuc ]jdes! Au"r^g"! '4/ yr*ir, ' l / ' I /

r00

I  ,000

300

3 ,000 200

1  ,000

20

5 ,000 15  ,000

5 ,000 15, o00 1  ,000
t ,
: !  As used La thls table, dpn (dtsintegrat lons per mioute)

Eeans the rate of euissioa by radloactlve naterial as
deteruined by correctiug the counts per rnlnute observed by au
appropriate detector for background, eff ic l .ency, aud geometr l .c.
factors associated ert th the instrunentat ion.

q t

:! Where surface cont"ninatlou by both alpha- and
beta-gamma-emltting radionuclides exLsts, the limLts
establlshed for alpha- and beta-garnrna-emitting radionuclLdes
shall apply lndependently.

a. l
:! Measurements of avBrage contarninant should not be averaged

over rDore than I  Bt.  For objects of less surface area, the
average shal l  be derived for each such object.

L l:' Ttre average and maximum radiatlon levels associated lrlth
surface coutemLnatLon resultlng from beta-gar"rna emitters should

v4



B. CONTRO

Spec i f
r e s i d
I t  i s
rePres
po l icy

n o t  e x c e e d  0 . 2  n r a d / h  a t  I  c u  a n d  1 . 0  n r a d / h  a t  I  c m "
respec t ive ly ,  rDeasured th rough no t  rDore  than 7  mg/cmt  o f  to ta l
a b s o r b e r .

<, 1
!  The max imum cont4u ina t ion  1eve l  app l ies  to  aD area  o f  no t

rDore  than IOO cnz .
A Io l  

l t re  amount  o f  removab le  rad ioac t ive  Dater ia r  per  100 cn2 o f
sur face  area  shou ld  be  de termined by  w ip ing  tha t  a rea  w i th  d ry
f i l t e r  o r  s o f t  a b s o r b e n t  p a p e r ,  a p p l y i n g  n o d e r a t e  p r e s s u r e ,  a n d
assess ing  the  aoouDt  o f  rad ioac t ive  na ter ia l  on  the  w ipe  w i th
aD aPPropriate instrrrment of known eff ic iency. I { t ren renovable
contaminat lon  on  ob jec ts  o f  less  sur face  area  is  de ter rn ined,
the  per t inent  leve ls  sha l l  be  reduced propor t ionate ly  and the
eot i re  sur face  sha l l  be  w iped.

OF RA.DIOACTIVE WASTES AI{D RESIDI,IES FROM FUSRAP AI.ID REMOTE SFMP

here are the control  requirements for radioact ive wastes and
related to the nuclear fuel  cycle at FUSRAP and reuote SFMP si tes.

pol icy of DOE to store radioact ive wastes in a manner
iag sound engineering pract ices consistent with DOErs ALARA

rim Stora

oPerat ional and control  requirements specif ied in Ehe fol lowing DOE
rs aud other Ltems shal1 apply:

5480.1A,  Euv i ro  menta l  Pro tec t lou ,  Safe ty ,  aad Hea l th  Pro tec t ion
Progran for DOE Operatl.ons.

5480.2, Eazardous and Radioactive l.tixed Waste l.tanagemeut.

5483.1, Occupatlonal Safety and Health Program for Government-Owned
Contractor-Operated Facl1l.tie6.

5484.1, Bnvironnental  Protect lon, Safety,  and Eealtb ProtectLon
Inforuatlon Reportl.ng Requirements.

5484.2, Unusual Occurrence Reporting Systen.

5820, RadLoactl.ve I{aste Management.

Control and stabill.zatiou features w'1.11 be deslgned to ensure, to
the exteut reaaonably achievable, an effective life of 50 years,
aod in any case, at least 25 years.

Pa-222 concentratlons ln the atnosphere above facllity surfaces or
openlngs shall uot (1) exceed f00 pCLIJ- at any glven poiut, or an
average conceutratLon of 30 pCJ-IL for the facl l l ty s l te,  or (2)
exceed an average Rn-222 concentratLon at or above any locatLou
outside the facLl i ty s l te of 3.0 p0t l l  (above background).

l .
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For r . "a ter  protect ion,  use ex is t ing
apply  sLte-specl f ic  neasures vhere

s t a t e  a n d  f e d e r a l  s t a n d a r d s ;
n e e d e d .

-Term Mana

Al l  opera t iouar  requ i renents  spec i f ied  fo r  rn te r in  s to rage
F a c l l i t i e s  ( B . l  )  r r i f  f  a p p l y .

C o n t r o l  a n d  s t a b i l i z a t i o n  f e a t u r e s  w i l l  b e  d e s i g n e d  t o  e n s u r e  t o
t h e  e x t e n t  r e a s o n a b r y  a c h i e v a b l e ,  a n  e f f e c t i v e  l i f e  o f  l r o o o  y e a r s
a n d ,  i n  a n y  c a s e ,  a t  l e a s t  2 0 0  y e a r s .  o t h e r  d i s p o s a l  s i t e  d e s i g n
fea tures  sha1 l  con form wi th  40  CFR par t  192 per fonDance
guidel ines/ requi renen t  s .

Rn-222 emanation to the atmosphere from faci l i ty surfaces or
open igg  sha l1  uo t  ( l )  exceed an  average re lease ra te  o f  20
pCtla ' /s,  or (2) increase the annual average Rn-222 concentrat ion
at or above auy locat ioo outside the faci l i ty s l te by rDore than 0.5
pc5-lJ-.

For  l ta te r  p ro tec t iou ,  use  ex is t ing  s ta te  and federa l  s tandards ; -
apply si te-specif ic neasures where needed

Prior to placenent of aDy poEential ly biodegradable contaminated
wastes iu a Long-Term Management Facillty, such wastes rrr11 be
properly condlt ioned to ( l )  ensure that the generat ion and escape
of biogenic gases wi l l  not cause the requirenent in paragraph 2.c.
to be exceeded, and (2) ensure that biodegradaEion w-i thin the
faci l l ty ! rr11 Dot resurt  in premature structural  fai lure not iu
accordance wl. th the requirenents in paragraph 2.b..  I f
biodegradable wastes are condl. t l .oned by inclnerat iou, incinerat ioa
oPerations rvlll be carried out Ln conplLance rrlth all appllcable
federalr  state, and local aLr emission standards and requLrements,
lncluding auy staudards for radionuclides establlshed pursuant to
40 CFR Part 61, Natl.oual EnLsslou Standards for Eazardous Alr
Pollutauts (MSEAPS).

Except nay be made to the guidellnes presented herelo follorrlng
a candLdate si te.  Speclf lc

rnodlfying these guidellnes are:
anal of the sl.te-speclflc aspects of
sl tuat ons that warraut conslderatiou for

renedlal actions would pose a clear and present rl.sk of lnjury to
notwithstauding reasonable measuresor menbers of the publlc,

avold or reduce risk.

re remedLal actlous would produce envlronmental harm that Ls clearly
Lve compared to the health beneflts to persons llvlng on or near

ected sltes, rrorr or Ln the future, Eotwlthstauding reasonable
rea to linlt damage to the envlronnent. A clear excess of

Lrorr-ental harm is harm that is loug-tem, manlf est, and grossly
rt lonate to health benef l ts that may reasonably be ant l .cLpated.

l .
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3 . r e  t h e  c o s t  o f  r e n e d l a l  a c t i o n s  f o r  c o n t a m i n a t e d  s o i l  i s
easonab ly  h igh  re la t l ve  to  rong- te rm benef l t s  and the  res idua l
i o a c t i v e  m a t e r i a l s  d o  D o t  p o s e ' a  c l e a r  p r e s e n t  o r  f u t u r e  h a z a r d .  T h e
e l ihood tha t  bu i ld ings  w i l l  be  erec ted  or  thar  peop le  w i l l  spend
g per iods  o f  t ine  a t  such a  s i t ,e  shou ld  be  cons idered in  eva lua t ing
s  hazard .  R.ened ia l  ac t ions  w i r l  genera l l y  no t  be  necessary  where
idua l  rad ioac t ive  Eoater ia ls  have been p laced semiperuanent ly  in  a
a t i o n  w h e r e  s i t e - s p e c i f i c  f a c t o r s  l i m i t  t h e i r  h a z a r d  a n d  f r o m  w h i c h
y  a r e  c o s t l y  o r  d i f f i c u l t  t o  r e n o v e ,  o r  w h e r e  o n l y  n i n o r  q u a n t i t i e s
r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  a r e  i n v o l v e d .  E x a m p l e s  a r e  r e s i d u a l
i o a c t i v e  m a t e r i a l s  u n d e r  h a r d  s u r f a c e  p u b l i c  r o a d s  a n d  s i d e w a l k s ,
und pub l ic  sewer  l ines ,  o r  in  fence-pos t  foundat ions .  supp leoenta l
n d a r d s  s h a l l  n o t  b e  a p p l l e d  a t  s u c h  s i t e s ,  h o w e v e r ,  i f  i n d i v i d u a l s

l i ke ly  to  be  exposed fo r  long  per iods  o f  t ine  to  rad ia t iou  f rom
h rua ter ia ls  a t  leve ls  above those tha t  wou ld  p reva i l  in  Subpar t  A .

re the cost of  c leanup of a contaminated bui lding is clear ly
easonab ly  h igh  re la t i ve  to  the  benef i t s .  Fac tors  tha t  sha l1  be
luded r.u this judgroent are the ant ic ipated period of occupancy, the
rementa l  rad ia t iou  leve l  tha t  wou ld  be  a f fec ted  by  rened ia l  ac t ions ,

res idua l  use fu l  l i fe t ine  o f  the  bu i ld ing ,  the  po ten t ia l  fo r  fu tu re
s t ruc t ion  aE the  s i te ,  and the  app l icab i l i t y  o f  less  cos t ly  rened ia l
hods  than remova l  o f  res idua l  rad ioac t ive  mater ia ls .

re there is no known renedial  act l .on"

un
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D. GUIDEL SOI.IRCE

Gu e l ine

Resl. Contarnination CrltertJ/

Soil del lne

e GuLdelineStruct

Con of Radl-oactive llastes and Residues

Inter i
Long-T

Storage

Source

DoE order 5480.)|,
40 CFR Part 192-

40 CFR Part 192,
NRC Guidellnes for
DecontarnJnation of
FacLllties and Equl.p-
ment Prior to Release
for Unrestr icted Use or
Te:mLnatLon of Licenses
for BSrproduct,  Source,
or SpecLal Nuclear
Material (July 1982).

DOE Order 5480.1A
40 CER Part 192Management
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-  l n e s e s  o f  t h e  r e s i d u a r  c o n t a m i n a t l o n  g u i d e l i n e s  a r e  d e v e l o p e d  i n

OR 3l  and ORO-832.

on  l in i t ing  the  concent ra t ion  o f  Ra-222 < iecay  produc ts  to  0 .03
n  s E r u c t u r e s .
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